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The crystal structure of residues 4–164 of NSP3Rotavirus Translation Control
(NSP3-N) from a simian group A rotavirus has been de-Protein Takes RNA to Heart termined by Deo et al. [8] at 2.45 A˚ resolution in complex
with a six-nucleotide RNA (see Figure) [8]. The RNA
ends with the 3 tetranucleotide GACC that is conserved
among group A rotaviruses. The crystallized protein isViruses commonly evolve distinct mechanisms to per-
a highly asymmetric homodimer. Gel filtration showsform some of the same functions as cells. In the Janu-
that the protein is also dimeric in solution, both beforeary 11 issue of Cell, Deo et al. describe the structure
and after RNA is bound. The crystallized dimer is “heartof rotavirus nonstructural protein 3 in complex with
shaped” in overall appearance, with the polypeptideRNA, which explains how it acts as a functional homo-
chains of the two subunits substantially intertwining andlog of cellular poly(A) binding protein to promote trans-
interacting across an extensive interface. A single RNAlation of the nonpolyadenylated rotavirus mRNAs.
molecule is bound in an extended conformation near
the heart’s midline. The conserved 3 tetranucleotide isRotaviruses cause severe, sometimes fatal, diarrhea in
completely buried inside a positively charged, dead endhumans and livestock. They have a genome comprising
“tunnel” that extends into the asymmetric interface of
11 segments of double-stranded RNA (dsRNA), each
the protein dimer. The 5 nucleotide of the six-nucleotide
of which serves as a template for multiple rounds of
RNA is not seen in the crystal structure, presumably
conservative, asymmetric RNA synthesis to yield plus-
because it projects into solvent near the heart-shaped
strand RNAs with a 5 cap but no 3 poly(A) tail [1]. These dimer’s “ventricular” apex and is flexible in orientation.
11 distinct species of plus-strand RNA are used for That the tunnel is closed off following the RNA 3 end
translation (thus mRNAs) and as templates for minus- suggests why NSP3 does not bind to internal se-
strand RNA synthesis to produce the dsRNA genome quences. In addition, to use the authors’ apt words,
segments in newly forming rotavirus virions [1]. Based “NSP3-N employs a combination of hydrogen bonds,
on the current understanding of cellular mechanisms [2, van der Waals contacts, salt bridges, and stacking inter-
3], the lack of a poly(A) tail may cause problems for the actions that appear ideally suited for binding the con-
translation and stability of these viral mRNAs. A previous sensus tetranucleotide.” Biochemical and biophysical
body of work, mostly from Poncet, Cohen, and col- studies indicate that the NSP3-N dimer binds the tetra-
leagues [4–7] identified roles for the 315-residue rotavi- nucleotide with high affinity and a low dissociation rate
rus nonstructural protein 3 (NSP3) in circumventing and that the dimer is strongly stabilized by RNA binding,
these problems. In particular, NSP3 binds to a con- suggesting that the interaction may be hard to reverse.
served tetranucleotide sequence at the 3 end of each While the crystal structure of NSP3-N is satisfying, it
rotavirus mRNA [4, 6, 7] and concurrently binds to eu- leaves unanswered several old questions and suggests
karyotic translation initiation factor 4G (eIF4G) [5–7]. several new ones. How does NSP3 bind eIF4G? Since
eIF4G in turn interacts with eIF4E, which binds to the the structure [8] does not include the C-terminal, eIF4G
mRNA 5 cap [2, 3]. The mRNA is thereby circularized, binding half of NSP3 [6], we still lack a clear picture
which is thought to be important for efficient translation of how NSP3 interacts with both mRNA and eIF4G to
[2, 3, 5, 7]. The role of NSP3 is thus very much like that promote translation [7]. Does NSP3 interact with other
of cellular poly(A) binding protein (PABP), which binds translation control factors, as PABP does [2, 3, 8], and
to the poly(A) tail of most cellular (and other viral) mRNAs if so, how? If NSP3 is a functional homolog of PABP,
as well as to eIF4G [2, 3]. Moreover, NSP3 appears to there are other binding activities it may need to fulfill.
compete with PABP for eIF4G binding, contributing to The NSP-N structure includes a broad surface opposite
the shutoff of cellular protein synthesis that accompa- the one that binds RNA (see Figure), which may function
in this regard [8]. How does mRNA circularization bynies rotavirus infection [5, 7].
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biviruses, dsRNA viruses of yeast and fungi in the Totivir-
idae family, including L-A virus [9], and plus-strand RNA
plant viruses from several families, including alfalfa mo-
saic virus (Bromoviridae) and tobacco mosaic virus (To-
gaviridae) [10]. The precise mechanism by which any of
these other viruses bypass the usual roles of poly(A) in
translation control and mRNA stability remains poorly
understood. The coat protein of alfalfa mosaic virus pro-
motes translation of the viral mRNAs upon binding near
their 3 ends and has been proposed as one possibility
to mimic the function of NSP3 or PABP by also binding
to translation initiation factors [10]. Yet other eukaryotic
viruses make mRNAs with neither cap nor tail, including
barley yellow dwarf virus (family Tetraviridae) [11]. Barley
yellow dwarf virus mRNA has been shown to circularize
through “kissing” stem-loop structures located near the
mRNA 5 and 3 ends, which promotes translation initia-
tion since the 3 stem loop also binds eIF4E [11]. Further
investigations of these and other viruses may illuminate
additional variations to the theme of mRNA circulariza-
tion and provide a fuller understanding of its roles inCrystal Structure of the N-Terminal Half of Rotavirus Nonstructural
translation control.Protein 3 (NSP3-N) in Complex with a Six-Nucleotide, Rotavirus-
Specific RNA
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